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Catalyst for use in preparation of pyromeliitic acid and/or pyromellitic anhydride 

supported catalyst on an inert carrier suitable for the 
preparation of pyromellitic acid or its anhydride by catalytic 
vapor phase oxidation of a tetra- Ci -C4 alkylbenzene, said 
catalyst comprising catalytically active material composed of 
1 to 20 parts by weight of V2O5, 99 to 80 parts of weight of 
TiOa and/or SnOj and/or ZrOa, and per one hundred parts by 
weight of VaOs^TiOa and/or SnO^ and/or ZrOa, 0.02 to 10 parts 
by weight calculated as P2O5, of a phosphorus compound, 
0.01 to 5 parts by weight, calculated as NbaOs, of a niobium 
compound, 0 to 1.2 parts by weight, calculated as oxide, of at 
least one metal selected from the group consisting of 
potassium, cesium, rubidium and thallium, and 0 to 10 parts 
by weight calculated as SbjOa, of an antimony xom'pound, 
and an Inert carrier supporting said catalytically active 
material thereon. 
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This Invention relates to a suitable catalyst 
for use in the preparation of pyromellitic acid and/or 
pyromellitic anhydride by vapor phase catalytic oxidation 
of a tetra-Cj^-C^-alkylbenzene such as durene with air or a 
5 molecular oxygen-containing gas, 

^ Vapor-phase catalytic oxidation of tetra- 
C^-C^-alkylbenzenes such as durene with air or a molecular, 
oxygen-containing gas is one of the industrial methods to 
obtain pyromellitic acid or pyromellitic anhydride. Al- 
io though a number of catalysts have been proposed for this 
oxidation process, none of them have proved to have satis- 
factory performances. For instance, the catalysts proposed 
in Japanese Pat:ent Publications Nos. 20302/1974 and 31972/ 
1974 show relatively high yields in the preparation of 
15 pyromellitic anhydride by vapor phase oxidation of durene. 
However, these high yields are achieved only under the 
conditions of a very low concentration of durene in a feed 
gas and of a very high space velocity. To use catalysts 
which have to be operated under such conditions is disadvan- 
20 tageous for the industrial oxidation process because the 
lower ratio of durene/air requires more energy to send a 
reaction gas to a reactor and higher space velocities 
result in an increased pressure drop of the catalyst bed. 
The industrial oxidation process where the 
25 concentration of a hydrocarbon to be oxidized in a feed gas 
is extremely low has another problem that a heat medium, 
surrounding catalyst packed tubes in a reactor has to be 
heated by an external heating apparatus in order to main- 
tain an optimum reaction temperature because the latent 
30 heat of the feed gas through the reactor exceeds the total 
oxidation heat of the hydrocarbon. 

On the other hand, it is generally considered 
advantageous for industrial practice to use catalysts at 



* • • • • ■ • 

• • • • • • 

« • • • « C 

0163231 

~ 2 - ^==» 
higher space velocities because the catalyst volume needed 
becomes smaller. However, in a practical multi-tube reactor 
the catalyst bed packing length must be more than 1,000 mm, 
preferably more than l,5p0 mm in view of the reactor design 
5 and a heat removal system for the reactor. For this reason, 
there is a limitation in decreasing the catalyst volume in . 
a tube of a practical industrial reactor, and the pressure 
drop of a catalyst bed becomes extremely high as the linear 
velocity of the gas in the tube is very high at such a high 
10 space velocity. As above said, the catalytic oxidation 

reaction carried out under the conditions of low concentra- 
tions of a hydrocarbon to be oxidized in a feed gas and of 
high space velocities is not always economical in a com- 
mercial operation because it leads the increase of steam 
15 or electricity in loading on an air blower or compressor. 

-Accordingly, the objective of this invention is 
to provide catalysts for the preparation of pyromellitic 
acid and/or pyromellitic anhydride by the vapor phase f ixd 
bed catalytic oxidation of a tetra-C^-C^-alkylbenzene such 
20 as durene with air or a molecular-oxygen-containing gas 
which have a high selectivity to pyromellitic acid and/or 
pyromellitic anhydride and high heat durability in an 
operation under high loading conditions of high ratios of 
the tetra-alkylbenzene/air or molecular oxygen-containing 
25 gas, 20-60 g/NM^, and of relatively low space velocities of 
1,000-10,000 hr"-*-. 

As a result of investigations on the improvement 
of the heat durability of catalysts, we have found that a 
specific supported catalyst on an inert carrier, especially 
30 an inert porous carrier, is suitable for the purpose of 
this .invention and this specific catalyst comprises a 
catalytically active material composed of vanadium pent- 
oxide, titanium dioxide and/or zirconium dioxide and/or 
stannic dioxide and some other specific ingredients. 
35 It has also been found that the addition of a 

specif ic amount of an antimony compound is advantageous for 
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the. life Of the catalyst because the optimum operating 
temperature of the catalyst is lower than that of the 
catalyst without addition of the antimony compound. 

This invention is specified as follows- 
5 (1) supported catalysts on an inert carrier suitable 

for the preparation of pyromellitic acid or its anhydride 
by catalytic vapor phase oxidation of a tetra-C,-c,-aiiicvi- 
benzene, said catalyst comprising a catalyticaliy Active 
material composed of 1-20 parts by weight of V.O^, 99-80 
10 parts by weight of TiO^ and/or SnO^ and/or Zro','and per 
one hundred parts by weight of v^Og, TiO, and/or SnO 
and/or ZrO^ combined, 0.02 to 10 parts by weight, caLu- 
lated as PjOg, of a phosphorus compound, o.Ol to 5 parts by 
weight, calculated as Nb^Og, of a niobium compound, o to 
1.2 parts by weight, calculated as oxide, of at least one 
metal selected from the group consisting of potassium, 
cesium, rubidium and thallium, 0 to 10 parts by weight, 
calculated as Sb^Og, of an antimony compound, and an inert 
carrier supporting said catalytically active material 
20 thereon. 

(2) supported catalysts according to the description 
(1) where the weight ratio of TiOj/SnOj is less than 4 

(3) supported catalysts according to the description 
25 tUT^ weight ratio of TiO^ and/or SnO^/ZrO^ is less 

Titanium dioxide which is suitable for this 
invention is anatase prepared by either the pyrolysis of 
ammonium titanyl sulfate, the calcination of titanium 
hydroxide obtained fay hydrolysis of titanium sulfate, the 
vapor phase oxidation of titanium tetrachloride, or another 
method. Porous anatase of which particle size is 0.4-0 7 
micron and specific surface area is 10-60 mVg obtained by 
the calcination of titanium hydroxide is used especially 
preferably. 

As stannic dioxide for the purpose of the inven- 
tion SnOj prepared by the previous calcination of a stannic 
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or str.nnous compound as sulfate, nitrate , carbonate and so 
on is preferably used and SnOj obtained by calcination of 
stannous sulfate at a temperature of 600-900 C for 2-10 
hours and having a particle size of 0.01-1 micron -and a 
specific surface area of 5-100 mVg, especially 8-60 m /g, 
is used especially preferably. 

As zirconium dioxide ZrO^ obtained by the cal- 
cination df a zirconium compound as sulfate, nitrate, and 
so on is preferably used and ZrO^ prepared by ^^e calcx- 
nation of zirconyl nitrate at a temperature of 600-9aO C 
for 2-10 hours and having a particle size of 0.01-1 mxcron 
and a specific surface area of 5-100 mVg, especially 8-60 
mVgr is used especially preferably. 

The catalyst of the present invention xs of the 
composition comprising V^O^, TiO^ and/or S»°2 
P,0„ Kb^O, and optionally Sl>^0^ and optionally at least 
one meta? oxide selected from the group consxstxng of K^O, 
cs,0, Hb^O and Tl^O and further optionally, per 100 parts 
by weight of V^Og and TiO^ and/or ZrO^ and/or SnO^, 0.01-3 
parts by weight of at least one compound of the group 
consisting of CaO, SrO, BaO, ZnO and rare earth element 
oxides. The term "rare earth element" used in thxs specx- 
f ication means elements of atomic number 39 and of atomxc 
number 57-71 and preferably Y, I.a, Ce, Nd, Gd, Tb and Er 

are used. ^ ^ 

The V^Og, KbjOg, P2P5. SbjOj, K2O, CS^O, TI2O, 
Kb O CaO, SrO, bIo, ZnO and rare earth element oxxdes used 
fn'L^Ulyst Of the present invention may be adequately 
Chosen from oxides, ammonium salts, nitrates, 
halides, carbonates, hydroxides, organic acid salts and 
other compounds derived from such elements. That xs to 
. say the components of the catalysts of the P--^ 

tiL are not restricted to the oxides as descrxbed xn thxs 
specification, which indicate merely the composxtxons of 
, integral constituents in the finished catalyst. 

AS the carriers, ordinary inert inorganxc 
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substances are used for the catalyst of the invention r but 
suitable porous inert carriers are those having an apparent 
porosity of 5-50%, a specific surface area of less than 5 
m /g, preferably less than 1 mVg. a silicon carbide con- 
5 tent of more than 50% by weight, preferably more than 80% 
by weight and an aluminum content calculated as Al 0 of 
less than 10% by weight, prefertably less than 3% by ^weight. 
Accordingly, self-bonded silicon carbide having a purity of 
more than 98% is also suitably used for this invention. 
10 The form of the carrier is not limited and a 

sphere-, ring-, pellet-, conical-, or saddle-type carrier 
with an external diameter of 3-15 mm is suitably used. 

The supporting of catalytically active material 
onto the surface of fehe carrier is carried out by any 
15 conventional methods such as penetration or spraying, and 
preferably by the method of spraying a catalyst slurry onto 
the carrier heated to 150-250^C. 

3-50 g, preferably 5-15 g of the catalytically 
active material, is supported on 100 cc (apparent volume) of 
20 the carrier. 

And in the catalyst thus obtained, the total 
volume of pores having a diameter of 0.15 to 0.45 micron 
present in the layer of the catalytically active material 
on the carrier is at least 50%, preferably at least 70%, of 
25 that of pores having a diameter of not more than 10 mcirons 
present in said layer of the catalytically active material. 

Generally, in the case of using a catalyst 
continuously for a long period of time, the catalytically 
active material drops off from the surface of the carrier 
30 to an increasing extent as the amount of the tetra-alkyl- 
benzene ^loaded increases. Furthermore, a catalyst is 
generally preferred by spraying or impregnating a homo- 
genized solution or slurry of the catalytically active 
material on or in a carrier having high mechanical 
35 strength. Since the supporting strength of the , cataly- 
tically active material is based on a chemical and/or a 
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physical bonding force between the catalytically active 
material and the carrier, the amount of the catalytically 
active material to be deposited on the carrier is naturally 
limited. If it is smallr the catalyst has low activity. 
5 Even when a catalyst can be obtained which has sufficient 
activity and contains the catalytically active material 
with industrially sufficient supporting strength, it fre- 
quently happens that the ratio of the catalytically active 
material which can be supported on the carrier is very low 

10 to cause large losses of the catalytically active materials 
occur, and therefore, the productivity is poor. 

According to this invention, the above problems 
can be solved by adding whiskers as a supporting aid to the 
raw materials for the catalytically active material and 

15 thereby supporting the catalytically active material well 
on the carrier. 

Hetal whiskers and refractory whiskers can, for 
example, be used suitably as the supporting aid. Examples 
include metal whiskers such as tungsten, iron or nickel 

20 whiskers, and refractory whiskers such as silicon carbide, 
silicon nitride, aluminum oxide, titanium carbide or 
calcium phosphate whiskers. Suitable whiskers have an 
average diameter of not more than 5 microns, preferably 
not more than 1 micron, a length of not more than 1,000 

25 microns, preferably not more than 500 microns, and an 

aspect ratio of from 10 to 500, preferably from 20 to 300. 

Deposition of the catalytically active material 
on the carrier can be carried out by conventional known 
methods. Specifically, it is carried out, for example, by 

30 spraying a solution or slurry containing catalytically 

active ingredients onto the surface of a carrier preheated 
to 150 to 250^C, or by impregnating the catalyst solution 
or slurry in the carrier, and concentrating the solution or 
slurry to adhere the catalytically active material to the 

35 carrier. At this time, the whisker is dispersed in the 
catalyst solution or slurry in an amount of 1 to 20% by 
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weight, preferably 3 to 10% by weight, based on the weight 
of the finished catalyst. The catalytically active mate- 
rial is supported in a proportion of 3 to 50 g, preferably 
5 to 15 g, per 100 cc of the :appa rent volume of the cata- 
5 lyst. 

The supported catalyst of this invention produced 
by using the whisker as a supporting aid has the advantage 
of increased activity and/or selectivity in some catalytic 
reactions because the. space volume of the catalyst-su- 

10 pported layer is increased; 

The supported material thus obtained is calcined 
under an air atmosphere at a temperature of 300-6S0^C, 
preferably 400-600^C for 1-10 hours, preferably 2-6 hours 
to get a finished catalyst. 

15 Conventional methods of lowering the temperature 

of hot spots which appear in the feed gas side of a cata- 
lyst bed can be used in order to decrease the reaction with 
COx and other side reactions of the tetra-alkylbenzene and 
pyromellitic anhyride and to minimize a thermal deter iora- 

20 tion of the catalyst by local heating. For instance, the 
hot spot temperature is lowered by controlling the amount 
of reaction in the feed gas side of the catalyst bed. 
This can be achieved by a physical method, for example, by 
diluting the catalyst in the zone with the carrier, replac- 

25 ing the catalyst in the zone with a large-sized one, or 
using a catalyst in which the supporting ratio of a cata- 
lytically active material to a carrier is decreased, and a 
chemical method, for example, by increasing the content of 
the alkaline metal compound in the zone, decreasing the 

30 content of the phosphorus compound in it, or using a cata- 
lyst made f rom Ti02 and/or Sn02 and/or ZrO^ with a lower 
surface area. 

The catalyst of the present invention is used in 
a multi-tubular fixed bed reactor surrounded by a fused 

35 salt at a temperature of 320-440^C, especially 360-420 C. 
Each of the tubes has an inside diameter of 15-40 mm, 
preferably 20-30 mm. 
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The catalyst is loaded into the tubes to a height 
1-3.5 roeters, especially 1.5-3 meters and a feed gas 
preheated to 120-160^C~comprising durene or another 
tetra-alkylbenzene and air or a molecular oxygen-containing 
gas is introduced into a catalyst bed at a space velocity 
of lrOOO-10,000 hr"^ with the ratio of durene or another 
tetra-alkylbenzene to air 20-60 g/NH^ feo obtain pyromel- 
litic anhydride in a yield of 110-120%' by weight. 

The following excunples further illustrate the 
present invention. 
Example 1 

TiCl^ of special reagent grade (5,700 g) was 
added to deionized water to form a 60% aqueous solution, 
and 2,940 g of sulfuric acid of special reagent grade was 
added to it with stirring. Separately, a saturated aqueous 
solution containing 3,940 g of ammonium sulfate of special 
reagent grade and heated at lOO^C was prepared and the 
saturated solution was stirred into the TiCl^-H2S0^ aqueous 
solution. The mixed solution was allowed to stand still to 
precipitate' ammonium titanyl sulfate (NH^) ^SO^^TiOSO^^HjO. 
The precipitate was filtered and calcined at 750^C for 10 
hours to obtain 2,300 g of powdered TiO^ by. thermal decom- 
position of the ammonium titanyl sulfate. 

Oxalic acid (514 g) was dissolved in deionized 
water to form an aqueous oxalic acid solution. The solu- 
tion was mixed with 257 g of ammonium metavanadate , 16.2 g 
of ammonium dihydrogen phosphate and 12.2 g of niobium 
chloride and thoroughly stirred. To the aqueous solution 
were added 120 g of antimony trioxide and 1,800 g of afore- 
said Ti02/ and the mixture was stirred for 30 minutes to 
form a slurry of a catalytically active material. 

Into an externally heatable rotary drum, 2,000 
cc of a spherical SiC carrier having an average diameter 
of 5 mm, an SiC content of 98.5%, and an apparent porosity 
of 20% was introduced, and preheated to 200-250^0. 

186 g of- the catalytically active material was 
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supported on the surface of the carrier by spraying the 
catalyst slurry onto the carrier while rotating the drum, 
and subsequently the contents in the drum were calcined at 
530°C for 8 hours under an air atmosphere to obtain a 
5 supported catalyst containing VjO^ and Ti02 in a weight 
ratio of 10:90 and based on the total weight of VjO^ and 
TiOjr 0.5% by weight of ^2^5" weight of Nb203 and 

6% by weight of SbjO-j* 

The measurement of the pore distribution of the 
10 catalyst thus obtained by the mercury penetration method 
showed the pore volume occupied by pores with a diameter 
of 0.05-0.45 micron was 89% of the total volume of pores 
having a diameter of less than 10 microns. 

100 cc of the catalyst was loaded in a stainless 
15 tube with an internal diameter of 25 mm immersed in a salt 
bath maintained at 390**C. Oxidation reaction was carried 
out by passing hourly 15 g of durene and 500 N-liters of 
air through the catalyst bed and the product gas was in- 
troduced into a crystal collector and a scrubbing vessel. 

Analysis of products by liquid chromatography 
showed that the yield of pyromellitic anhydride was 113.2% 
by weight. 
Example 2 

A titanium sulfate solution was prepared by 
25 mixing ilmenite with 80% sulfuric acid, allowing them to 
react fully with each other, diluting the reaction product 
with water to form an aqueous solution of titanium sulfate, 
adding iron fragments, reducing iron in the ilmenite, and 
cooling the product to precipitate and separate ferric 
30 sulfate. Hydrous titanium dioxide was prepared by the 

hydrolysis of the thus obtained titanium sulfate solution 
while blowing steam kept at 150-170*^0. Hydrous titanium 
dioxide was calcined under an air atmosphere at 800 C for 
4 hours and pulverized by a jet stream crusher to obtain 
35 porous anatase Ti02 having a particle size^of about 0.5 
micron and a specific surface area of 22 m /g. 
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Oxalic acid (1,030 g) , 515 g of ammonium meta- 
vanadate, 25.9 g of ammor^ium dihydrogen phosphate, 20^3 g 
of niobium chloride and 3.4 g of barium nitrate were dis- 
solved in 6400 cc of deionized water and 200 g of antimony 
trioxide and 1,600 g of TiO^ above prepared were suspended 
in the solution, and the suspension was homogenized for 30 
minutes to get a catalyst slurry. 

A catalyst having the catalytic composition, 
^2°5-'^^°2'^2^5-N^2^5-^b2^3=BaO = 20: 80 r 0.8:0.5 rlO :.0,1 by 
weight, was prepared by the same method as described in 
Example 1. The volume occupied by pores having a diameter 
of 0.05-0.45 micron was 86% of the total volume of pores 
having a diameter of less than 10 microns. 

Pyromellitic anhydride was obtained on the 
15 catalyst in a yield of 114.1% by weight under the same 

conditions as in Example 1 except that the salt bath tem- 
perature was changed to 400*^C. 
Examples 3-6 

Catalysts shown in Table 1 were prepared by the 
same method as in Example 1 and their performances were 
shown in Table 2. 
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Table 2- 



Example 


N.T. 

{°C) 


Space 
velocity 


Duirene con-" 
cent.rat.ion 

(g/NM^) 


Yield calculated 
for pyromellitic 
anhydride 
(wt%) 


3 


390 


8000 


25 


114.5 


4 


390 


6000 


35 


110.2 


5 


400 


8000 


30 


112.9 


6 


390 


5000 


30 


113.3 



Example 7 

SnO^ having an average diameter of 0.18 micron 

2 

5 and a specific surface area of 18 m /g was obtained by 
calcining stannous sulfate at SOO^C for 4 hours and pul- 
verizing it by a jet stream crusher. 

Oxalic acid (200 g) , 121.8 g of ammonium meta- 
vanadate, 15.35 g of ammonium dihydrogen phosphate r 19.27 g 

10 of niobium chloride and 5.24 g of cesium nitrate were 
dissolved in 6,400 cc of deionized water and 1,800 g of 
aforesaid Sn02 was suspended in the solution. The sus- 
pension was homogenized to obtain a catalyst slurry. 

Into an externally beatable rotatory drum 2,000 

15 cc of a pellet ized SiC (5 mm x 6 mm L, specific surface 
area 0.4 mVg) was introduced and preheated to 150-200^C. 
180 g of the catalytically active material was supported on 
the carrier by spraying the catalyst slurry on it while 
rotating the drum to get catalyst-A. 

20 Separately, catalyst-B was obtained by the same 

method as in the preparation of catalyst-A except that the 
amount of ammonium dihydrogen phosphate was changed to 
27.63 g. 

Into an iron tube (diameter 25 mm,- length 
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3.5 meters) immersed in a salt bath maintained at 4I0^C, 
catalyst-B was first loaded to a height o£ 1.5 meters and 
subsequently catalyst-A was loaded to a height o£ 1,5 
meters on the catalyst-B. 
5 From the top of the tube a mixed gas preheated 

to 140^C and having a durene/air ratio of 30 g/im^ was 
introduced at a space velocity of 4r000 hr"^ to obtain 
pyromellitic anhydride in a yield of 113.4% by weight. 
Example 8 

10 A hydrogen chloride solution (200 cc) r 10 g of 

vanadium pentoxide# 1.62 g of ammonium hydrogen phosphate 
and 0.28 g of potassium sulfate were dissolved in 800 cc of 
deionized water. Stannous sulfate (42.74 g) and 60 g of 
porous anatase TiO^ (diameter 0.5 micron, specific surface 

15 area 60 m /g) were suspended in the solutionr and the 

suspension was homogenized by a mixer to obtain a catalyst 
slurry. 

Into an externally beatable evaporating dish the 
slurry obtained above and 1,000 cc of a spherical carrier 

20 (diameter 6 mm, specific surface area 0*3 m^/g, apparent 
porosity 48%) comprising 75% by weight of SiC, 17% by 
weight of SiO^, and 8% by weight of AI2O2 were introduded 
and heated to dryness under mixing to support 160 g of the 
catalytically active material on the carrier. The contents 

25 of the dish were calcined at 580^0 for 8 hours to obtain a 
catalyst. 

In a carbon steel tube (diameter 20 mm, 3.5 
meters L) immersed in a salt bath maintained at 405^0, a 
mixed gas having a durene/air ratio of 40 g/NM was in- 
30 troduced at a space velocity of 3,000 hr"^ to obtain pyro- 
mellitic anhydride in a yield of 112.1% by weight. 
Example 9 

Oxalic acid (120 g) , 55.7 g of vanadium pent- 
oxide, 56.1 g of niobium chloride, 9.02 g of ammonium 
35 dihydrogen phosphatie, 7,2 g of rubidium sulfate and 2.33 g 
of thallium sulfate were dissolved in 6,400 cc of deionized 
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water, and 930 g of SnOj used in Example 7 and 870 g of 
TiO used in Example 8 were suspended in the solution r and 
the^suspension was homogenized by mixer to obtain a cata- 
lyst slurry. 

Into an externally beatable rotatory drum 2,000 
cc of a ring-type carrier (apparent porosity 40%, external 
diameter 7 mm, internal diameter 4 mm, length 7 mm) com- 
prising 10% by weight of magnesium silicate, 20% by weight 
af SiO^r and 70% by weight of SiC was introduced and pre- 
heated to 150-200°C. 150 g of the catalytically active 
material was supported on the carrier by spraying the 
slurry on it under rotating and the contents of the drum 
were calcined at 500°C for 4 hours to obtain catalyst-C. 

Separately, catalyst-D was prepared by the same 
method as in the preparation of catalyst-C except that 
rubidium sulfate and thallium sulfate were not added. ^ 
Into a carbon steel reactor (ID = 25 mm, I. - 
3.5 mm) immersed in a salt bath maintained at 380*'c, 
catalyst-D was first loaded to a height of 1,000 mm and 
onto it catalyst-C was loaded to a height of 1,000 mm. 

From the top of the tube a mixed gas of durene 
and a jaolecular oxygen-containing gas (oxygen 10% by 
volume, steam 10% by volume, nitrogen 80% by volume) of 
which the ratio of durene/molecular oxygen-containing gas 
was 40 g/NH^ was introduced at a space velocity of 3,500 
hr"^ to obtain pyromellitic anhydride of 117.3% by weight. 
Example 10 

ZrO, having a particle size of 0.2 micron and a 
specific surface area of 25 mVg was obtained by calcining 
zirconyl nitrate at 7S0°C for 3 hours and pulverized it by 
a jet stream crusher. 

Oxalic acid (200 g) , 96.7 g of ammonium meta- 
vanadate, 9.1 g of diammonium hydrogen phosphate, 22.9 g 
of niobium chloride, 3.47 g of potassium hydroxide were 
dissolved in 6,400 cc of deionized. water, and 1,800. g. of 
ZrO, above obtained was suspended in the solution. The 
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suspension was homogenized by a mixer to get a catalyst 
slurry* 

Into an externally beatable rotatory drum 2^000 
cc of a ring-type carrier (ID = 4 ramr OD = 6 mm, L = 6 mm, 
5 specific surface area « 0.2 mVg) comprising 6% by weight 
of Si02# 2% by weight of Al203r and 92% by weight of SiC 
was introduced and preheated to 150-220^C, 180 g of the 
catalytically active material was supported on the carrier 
by spraying the catalyst slurry on it while rotating the 

10 drum and the contents of the drum were calcined at 540^C 
for 6 hours to obtain a catalyst. 

Into a carbon steel tube (ID = 25 mm, L = 3.5 
meters) immersed in a salt bath maintained at 400^C the 
catalyst was loaded to a height of 2,500 mm. From the top 

15 of the tube, a preheated mixed gas having a durene/air 
ratio of 25 g/NM*^ was introduced at a space velocity of 
4,000 hr"^. The initial yield of pyromellitic anhydride 
was 114.5% by weight and the hot spot temperature was 
465^C. 

2Q The yield and hot spot temperature after 3 

months and 6 months continuation of oxidation reaction 
under the above conduitions were 114.1% by weight, 466^C 
(3 months) and 113.3% by weight, 461^C (6 months), respec- 
tively. These results show the very stable activity of the 

25 catalyst in a long run. 
Example 11 

Oxalic acid (450 g) , 201.4 g of ammonium meta- 
vanadate, 23.8 g of niobium chloride, 9.5 g of ammonium 
dihydogen phosphate, and 3.38 g of cesium nitrate were 

30 dissolved in 6,400 cc of deionized water, and 980 g of ZrO^ 
(particle size 0.2 micron, specific surface area 25 m /g) 
and 820 g of porous anatase Ti02 (particle size 0.5 micron, 
specific surface area 20 raVg) were suspended in the solu- 
tion to obtain catalyst slurry. 

35 Into an externally beatable rotatory drum 

2,000 cc of a spherical catalyst (diameter 6 mm, apparent 
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porosity 43% r surface ara 0,3 mVg) comprising 2% by weight 
of Al203r 4% by weight of SXO2 and 94% by weight of SiC was 
introduced and preheated to 150-200®C. 

180 g of the catalytically active material was 
5 supported by spraying the catalyst slurry on it. The 

contents of the drum were calcined at 520**C for 4 hours to 
obtain catalyst-E, 

Separately^ catalyst-F was prepared by the same 
method as in catalyst-E except that ZrOj (particle size 0.3 
10 micron, specific surface area 12 mVg) and porous anatase 
TiO^ (particle size 0*6 micron, surface area 13 mVg) were 
used. 

Catalyst-E was first loaded into a tube (ID = 
25 mmr 3*5 meters L) immersed in a salt bath maintained at 
15 400^C to a height of 1»5 meters and subsequently catalyst-F 
was loaded to a height of 1 meter on it. 

From the top of the tube a mixed gas having a 
durene/air ratio of 35 g/UM^ was introduced at a space 
velocity of 4,000 hr"^ to obtain pyromellitic anhydride in 
20 a yield of 115.6% by weight. 
Example 12 

Oxalic acid (900 g) r 408.6 g of ammonium meta- 
vanadate, 4*3 g of niobium chloride, 27.4 g of ammonium 
dihydrogen phosphate, 21.3 g of thallium nitrate were 
25 dissolved in 6,400 cc of deionized water and 42.4 g of 

antimony trioxide, 720 g of ZrO^ (same to Example 11) and 
1,080 g of TiO^ (same to Example 11) were suspended in the 
solution to obtain a catalyst slurry. 

Into an externally beatable drum 2,000 cc of a 
SO spherical self-bonded SiC carrier (diameter 6 mm, apparent 
porosity 38% , specific surface area 0.2 mVg) was in- 
troduced and pre-heated to 150-200^0. 170 g of. the cata- 
lytically active material was supported on the carrier and 
the contents of the drum were calcined at 580°C for 3 hours 
35 to obtain catalyst-G. 

Separately, catalyst-H was prepared by the same 
method as in the preparation of catalyst-G except that 
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6.68 g of rubidium nitrate was- used instead of thallium 
nitrate. 

Catalyst-H was first loaded into a tube (ID = 
25 mm,. L = 3.5 meters) immersed in a salt bath maintained 
at 375°C to a height of 1.25 meters and subsequently on 
it catalyst-G was loaded to a height of 1.25 meters. 

Prom the top of the tube, a mixture of durene and 
a molecular oxygen-containing gas (oxygen 12%, steam 10%, 
nitrogen 78%) of which the ratio of durene to the oxygen- 
containing gas was 40 g/NM^ was introduced at a space 
velocity of 3,500 hr"^. The initial yield of pyromellitic 
anhydride was 117.1% by weight and the hot spot temperature 



was 457°C. 



The salt bath temperature was raised to, and 
maintained at, 387°C for 1 month so that the hot spot tem- 
perature became 500°C. When the salt bath temperature was 
lowered to 37 5*^0 after this period, the yield and hot spot 
temperature at that time were 116.2% by weight and 452 C, 
respectively, and no serious, thermal deterioration was 
observed. 
Example 13 

Oxalic acid (200 g), 96.5 g of ammonium meta- 

vanadate, 7.6 g of niobium chloride, 20.7 g of cesium 

nitrate were dissolved in 6,400 cc of deionized water aiid 

18.8 g of antimony trioxide, 940 g of ZtO^ (same as that in 

Example 10) and 470 g of TiOj (same as that in catalyst-F 

of Example 11) and -390 g of Sn02 obtained by calcination of 

SnSO at 700°C for 4 hours were suspended in the solution 
4 

to obtain a catalyst slurry. 

into an externally heatable drum 2,000 cc of 
an interlock saddle-type carrier (apparent porosity .45% , 
specific surface area 0.4 mVg. average length 12 mm, 
external diameter 5 mm, internal diameter 6 mm, thickness 
1 mm) comprising 80% by weight of SiC, 6% by weight of MgO 
and 14% by weight of SLO^ was introduced and preheated to 
150-200°C. 160 g of the catalytically active material was 
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supported by spraying the catalyst slurry on it while 
rotating the drum and the contents o£ the drum were calcined 
under an air atmosphere at 520^C for 4 hours to obtain 
catalyst-I. 

5 Separately, catalyst-J was prepared by the same 

method as in catalyst-I except that cesium nitrate was not 
added 

Into a carbon steel tube (ID - 20 mm, L = 4.5 
meters) immersed in a salt bath maintained at 380^Cr 

10 catalyst-J was first loaded to a height of 2 #000 mm and 
onto it catalyst-I was loaded to a height of 2,000 jnm. 

From the top of the tube a 4-isopropyl-pseudo- 
cumene/air mixture of which the ratio of 4-isopropyl- 
pseudocumene/air was 40 g/NM was introduced at a space 

15 velocity of 3,500 hr"^ to obtain pyromellitic anhydride in 
a yield of 98.7% by weight. 
Example 14 

TiCl^ of special reagent grade (5,700 g) was 
gradually added dropwise to water to form a 60% aqueous 

20 solution. Sulfuric acid of special reagent grade (2,940 g) 
was added to the TiCl^ aqueous solution with stirring. 
Separately, a saturated aqueous solution containing 3,940 g 
of ammonium sulfate of special reagent grade and heated to 
lOO^C was prepared, and added to the TiCl^-H2SO^ aqueous 

25 solution with stirring. The mixture was then left to stand 
to precipitate ammonium titanyl sulfate [ (NH^) 2S04*TiOSO^« 
H^Ol . The precipitate was separated by filtration, and 
calcined at 750°C for 10 hours to obtain 2,300 g of Ti02» 
Oxalic acid (514 g) was dissolved in 6,400 cc of 

30 deionized water to form an oxalic acid solution, and 120 g 
of antimony trioxide and an aqueous solution of hydrogen 
- chloride containing 257 g of ammonium vanadate, 16.2 g of 
ammonium dihydrogen phosphate and 12,2 g of niobium 
chloride were added to the oxalic acid solution. To the 

35 resulting solution were added 120 g of silicon .nitride 
whiskers having a diameter of 0.5 micron, and an average 
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length of 180 microns and 1,800 g.of Ti02 mentioned above, 
and the mixture was stirred for 30 minutes to form a cata- 
lyst slurry. 

Two thousand cc of an SiC carrier having an 
5 average particle diameter of 5 mm, an apparent porosity of 
20% and an SiC content of 98.5% was introduced into an 
externally heatable roi:atory drum, and preheated to 200 to 
250^C. While the rotatory drum was rotated, the catalyst 
slurry was sprayed onto the carrier to deposit 180 g of the 
10 catalytically active material, and then calcined in air at 
530°C for 8 hours. The finished catalyst had the following 
composition by weight. 

V2O5:Ti02:P205!Nb2O5 2Sb2O3 = 10:90:0.5:0.3:6 

The whisker content of the catalyst was 6% by 
15 weight based on the weight of the catalytically active 

material. The ratio of the catalytically active material 
effectively supported on the carrier based on its amount 
originally used was 94%. 

Measurement o.f the pore distribution of the . 
20 finished catalyst by a porosimeter in accordance with the 
mercury penetration method showed that the volume of pores 
having a diameter of 0.05 to 0.45 micron is 93% of the 
total volume of pores having a diameter of not more than 
10 microns. 

25 A stainless steel reaction tube having a diameter 

of 25 mm was filled with 100 cc of the resulting catalyst, 
and immersed in a molten salt bath kept at 390*^C. Fifteen 
grams of durene and 500 R£. of air were passed hourly 
through the reaction tube and reacted. The reaction gas 

30 was conducted to a crystal collector and a scrubbing vessel 
to collect the product. The entire product collected was 
dissolved in warm water and analyzed. It was found that 
pyromellitic acid was obtained in a yield of 114,8% cal- 
culated as pyromellitic anhydride. 

35 When the above procedure was repeated without 

adding the whiskers, the ratio of the catalytically active 
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material effectively supported on the carrier was €3%, and 
the yield of pyromellitic anhydride was 113.2%. 
Example 15 

Zirconyl nitrate was thermally decomposed at 
5 750^C for 3 hours to obtain ZrOj having a specific surface 
area of 25 mVg^ ZrOj was finely pulverized to an average 
particle diameter of 0.2 micron and used as a catalyst 
material. 

Oxalic acid (200 g) was dissolved in 5,400 cc of 

10 deionized water, and 96.7 g of ammonium metavanadate, 9.1 g 
of ammonium dihydrogen phosphate, 22.9 g of niobium 
chloride and 3.47 g of potassium hydroxide were added. 
Furthermore, 75 g of silicon carbide whiskers having a 
diameter of 0.2 micron and a length of 20 microns were 

15 added. The mixture was thoroughly stirred, and 1,800 g of 
the finely pulverized ZrO^ prepared above was added by 
using an emulsifier, a catalyst slurry was obtained. 

Two thousand cc of a ring-like carrier composed 
of 2% by weight of Al^O^, 6% by weight of SiOj and 92% by 

20 weight of SiC and having an apparent porosity of 45%, a 
specific surface area of 0.2 mVg# an average inside dia- 
meter of 4 mm, an average outside diameter of 6 mm and an 
average length of 6 mm was introduced into an externally 
beatable rotatory drum, and preheated to 150 to 200*^C. The 

25 catalyst slurry prepared above was sprayed onto the carrier 
to deposit 180 g of the catalytically active material, and 
calcined in air at 540°C for 6 hours to obtain a catalyst. 
The whisker content of the catalsyt was 4% by weight based 
on the catalytically active material. The ratio of the 

30 catalytically active material effectively supported was 
95%. 

The resulting catalyst was filled to a height of 
2.5 m in an iron reaction tube, 25 mm in inside diameter 
and 3.5 in in length, immersed in a molten salt bath kept at 
35 400^C. 

A gaseous mixture of durene and air having a 
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durene/air ratio of 25 g/NM^ was preheated to 140°C, and 
passed into the r«actor from its top at a space velocity of 
4,000 hr~^ (STP) . Pyromellitic anhydride was obtained in 
an initial yield of 115.5% by weight. The hot spot tem- 

O ' 

5 perature was 461 C. 

Under these conditions, the reaction ws con- 
tinued, and the hot spot temperature and the yield were 
measured at the end of 3 months and 6 months, respectively, 
and found to be 462°C and 115.4%, and 457**C and 115.0% by 
10 weight. 

The activity of the catalyst was stable during 
this operation over extended periods of time. 

When a catalyst was prepared in the same way as 
above except that the whiskers were not added, the ratio of 

15 the catalytically active material effectively supported was 
64%, When the same reaction as above was carried out using 
the resulting catalyst, the initial yield of pyromellitic 
anhydride was 114.5% by weight, and hot spot temperature 
was 465°C. When. the reaction was continued under these 

20 conditions, the hot spot temperature and the yield of the 
product were 466°C and 114.1% by weight, and 461°C and 
113.3% by weight at the end of 3 months and 6 months, 
respectively. 
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What ve claimed is t 

1* A supported catalyst on an inert carrier suit- 

able for the preparation of pyromellitic acid or its an- 
hydride by catalytic vapor phase oxidation of a tetra- 
Cj^-C^-alkylbenzener said catalyst comprising catalytically 
active material composed of 1 to 20 parts by weight of 
^2^5' to 80 parts by weight of Ti02 and/or Sn02 and/or 

and per one hundred parts by weight of VjO^r TiOj 
and/or SnOj and/or ZrOji' 0*02 to 10 parts by weighty cal- 
culated as ^2^5 ^ phosphorus compound r 0.01 to 5 parts 
by weigrhtir calculated as Nb^O^r of a niobium compound, 0 to 
1.2 "partes by weightr calculated as oxide, of at least one 
metal selected from the group consisting of potassium, 
cesium, rubidium and thallium, and 0 to 10 parts by weight, 
calcula-ted as Sb^O^, of an antimony compound, and an inert 
carrier supporting said catalytically active material 
thereon. 

2m A supported catalyst on an inert carrier suit- 

able for the preparation of pyromellitic acid or its an- 
hydride by catalytic vapor phase oxidation of a tetra- 
C^-C^-aikylbenzene, said catalyst comprising a cataly- 
tically active material composed of 1 to 20 parts by weight 
of V'^Ogr 99 to 80 parts by weight of Ti02# and per one 
hundred parts by weight of V^O^ and Ti02# 0»02 to 10 parts 
by weight, calculated as ^2^5' ^ phosphorus compound, 
0.01 to 5 parts by weight, calculated as lilh^O^r of a 
niobium compound, and 0.01 to 10 parts by weight, calcu- 
lated as Sb^Oj, of an antimony compound, and an~ inert 
carrier supporting said catalytically active material 
thereon » 

3\ A supported catalyst on an inert carrier suit- 

able for the preparation of pyromellitic acid or its an- 
hydride by catalytic vapor phase oxidation of a tetra- 
C^-C^-alkylbenzene, said catalyst comprising catalytically 
active material composed of 1 to 20 parts by weight of 
V^Ocr 9S- to^ 80 parts by weight of TiO^ and Sn02r and per 
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one hundred parts by weight of VjOg, TiOj and SnOjr 0,02 to 
10 parts by weight, calculated as ^2^5' ®^ ^ phosphorus 
compound, 0.01 to 5 parts by weight, calculated as ^^^2^5' 
of a niobium compound, 0 to 1.2 parts by weight, calculated 
as oxide, of an oxide of at least one metal selected from 
the group consisting of potassium, cesium, rubidium and 
thallium, and 0 to 10 parts by weight, calculated as Sb^O^, 
of an antimony compound, and an inert carrier supporting 
said catalytically active material thereon. 
4. * The supported catalyst of claim 3 wherein the 

weight ratio of Ti02 to Sn02 is less than 4* 
5^ A supported catalyst on an inert carrier suit- 

able for the preparation of pyromellitic acid or its an- 
hydride by catalytic vapor phase oxidation of a tetra- 
C^-C^-alkylbenzene, said catalyst comprising catalytically 
active material composed of 1 to 20 parts by weight of 
V^O^r 99 to 80 parts by weight of Ti02# Sn02 and Zr02r and 
per one hundred parts by weight of V^O^, Ti02r Sn02 and 
Zr02r 0.02 to 10 parts by weight, calculated as ^2^5' ^ 
phosphorus compound, 0.01 to 5 parts by weight, calculated 
as Nb^O^, of a niobium compound, 0 to 1.2 parts by weight, 
calculated as oxide, of at least one metal selected from 
the group consisting of potassium, cesium, rubidium and 
thallium, and 0 to 10 parts by weight, calculated as Sb203, 
of an antimony compound, and an inert carrier supporting 
said catalytically active material thereon. 

6. The supported catalyst of claim 5 wherein the 
weight ratio of TiO^ + Sn02 to Zr02 is less than 4. 

7. The supported catalyst of any one of claims 1 
to 6 wherein said insert carrier is porous and having an 
alumina content of not more than 10% by weight and a 
silicon carbide content of at least 50% by weight. 

8. A supported catalyst according to any one of 
claims 1 to 7 which is prepared by using 1 to 20% by weight 
of the catalytically active material, of whiskers having an 
average diameter of not more than 5 microns and an aspect 
ratio of from 10 to 500 as a supporting aid. 
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Rer European patent application 85 106 175.4 
Nippon Shokubai Kagaku Kogyo Co.^ Ltd, 

Referring to Rule 88 EPC w e are adding new pages* 2, 5/9, 11^ 12, 
13, 14, 17 and 23 (in tripl.) of the description which a^e intend- 
ed to replace the corresponding pages as originally filed. Xn the 
new pages, we have carried out the following amendments of obvious 
errors r 



Page 


2, 


line 18 r 


f ixd = fixed 


Page 


Sr 


line 22 z 


0.15 = 0,05 


Page 


5, 


line 25 r 


mc irons = microns 


Page 


9. 


line 29 r 


ferric =^ ferrous 


Page 


11. 


ex. Sz 


CZn) = (ZnO) ■ 




12, 


line 9; 


dihydrogen = hydrogen 


Page 
Page 


12, 
13 X 


line 19: 
line 1 1 : 


t^n?? inserted "and calcining it at 
550 C for 6 hours under an air atmosphere" 
hydrogen = dihydrogen 


Page 


13, 


line 1 5 r 


60 m^/g = 20 m=/g^ " - " ' 


Page 


13, 


line 28: 


after "4052C" inserted "the catalyst was loaded 
to a height of 2.5 meters and" 


Page 


13, 


line 35 I 


dihydrogen = hydrogen 


Page 


14, 


line 33: 


diamraonium hydrogen = aaumonium dihydrogen 
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Page 17/ line 23: after "vanadate," inserted "36,4 g of 

ammonium dihydrogen phosphate" 



Page 23, line 30: insert = inert 




ends. 
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